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Chapter 1  Introduction 
Leptospirosis is caused by more than 200 different serovars of pathogenic 
Lepotpspira spp., probably one of the most widespread and prevalent zoonotic disease 
in the world, which can infect both animals and humans, bring an economic impact to 
animal production and causing Weil’s disease in humans. Leptospirosis is difficult to 
be diagnosed by common methods use in clinic and laboratory. Therefore, the disease 
is frequently not recognized properly and consequently severely neglected. 
Leptospirosis is re-emerging globally, and numerous outbreaks have occurred 
worldwide during the past several decades, which became a major public health 
problem in tropical countries, with epidemic outbreaks occurring in the rainy season 
and after flooding. The annual incidence of leptospirosis is estimated at 10-100 per 
100,000 in tropical areas and 0.1-1.0 per 100,000 in temperate areas. And these years, 
leptospirosis outbreaks have being reported all over the world. 
Leptospira is one of the spiral shaped bacteria (Figure 1), which can invade via 
skin abrasion or mucous membrane, disseminate rapidly during infection and can be 
isolated from blood and target organs within minutes after inoculation in animal 
models. Leptospirosis in domestic animals may include a fever and reproductive 
problems (abortions, stillbirth).  
The key feature in the transmission of leptospirosis between animals, and 
between animals and humans, is infection of renal tubules and excretion of infectious 
Leptospira in the urine of carrier animals. Urine shed from carrier animals can result 
in direct transmission of the infection via contamination of mucous membranes of 
another animal, or in indirect transmission via contamination of the environment, and 
then the bacteria infect humans when they invade through breaks in the skin or mucus 
membranes or when people ingest them. The bacteria multiply in the liver, kidneys, 
and central nervous system. Symptoms and signs of leptospirosis in human are highly 
variable and range from no symptoms to nonspecific symptoms including high fever, 
chills, headache, abdominal symptoms to Weil's disease with organ dysfunction. 




pathogenic factors and host immune response are essential for a better comprehension 
of central clinical, epidemiological and preventive aspects of leptospirosis. The 
mutually relationship of Leptospira with host animals resulting in leptospirosis, which 
is a process involving factors related to the leptospiral cells and to the host. It is in 
vitro to study the numerous interconnected factors independently, although it is 
necessary and effectual to do so because of the complexity of interaction. In this thesis, 
I have done the research about Leptospira motility, which roles as a pathogenic factor, 
can be affected by antiserum against leptospiral cells in vitro experiment. Otherwise, 
the difference function of toll-like receptor (TLR) exists in host immune system of 
different species, which plays a critical role in host defense to leptospirosis. 
Chapter 2  The inhibition effect of antiserum on the motility of 
Leptospira 
Leptospira is a group of bacteria with a unique ultrastructure and a fascinating 
swimming behavior, which causing a zoonotic disease worldwide, called leptospirosis. 
The unusual form of motility is thought to play a critical role in the infection process. 
However, the inhibition mechanism of antiserum on motility of Leptospira to 
attenuate the infection efficiency is still unknown. In this study, effect of antiserum on 
motility was quantitatively investigated by measuring swimming speed.  
Leptospira biflexa serovar Patoc was grown in EMJH complete medium at 30 ºC 
for 4 days, antiserum (anti-whole cell antiserum or anti-lipopolysaccharide (LPS) 
antiserum) was added at different concentrations, where 50 %, 62.5 % and 75 % of 
cells were agglutinated. Through observation on the motility status of leptospiral cells 
during 120 min, we found that antiserum has inhibition effect under 62.5 % 
agglutination. By using this concentration, the swimming and rotating fraction were 
detected at 0, 10, 60 and 120 min after addition of antiserum (Table 1). We found that 
the swimming fraction of leptospiral cells with anti-whole cell antiserum was 
significantly decreased in 60 min at 62.5 % agglutination condition and then has a 
trend of recovery comparing with normal serum treatment during 120 min, but there 
was only a little decrease in the presence of anti-LPS antiserum (Table 1). 




analyzed by ImageJ and macros of Microsoft Excel (Figure 2), we found the average 
swimming speed has no significant difference at each moment (Table 2); through 
analyzing the Gaussian distribution of swimming speed, we found there are two peaks 
of swimming speed, only one peak shifts to slower regime comparing with normal 
serum groups in 60 min (Figure 3). This suggests that the swimming speed was 
decreased by the addition of anti-whole cell antiserum; however, the inhibition 
appeared only a part of cells. 
Comparatively low concentration of antiserum was found to inhibit leptospiral 
cells motility, suggesting that the basic immunization can affect leptospiral cells 
motility and inhibit the infection efficiency. Recovery of motility after addition of 
antiserum raises a hypothesis that Leptospira carries surface molecules bound with 
antibodies toward to the cell end to escape, causing the recovery of leptospiral cells 
motility. 
Chapter 3  Leptospiral lipopolysaccharide stimulates the expression 
of toll-like receptor 2 and cytokines in pig fibroblasts  
Leptospira interrogans is a pathogenic species that cause a zoonotic disease 
leptospirosis. Pig leptospirosis causes a serious economic loss and a potential hazard 
to human health. Leptospiral lipopolysaccharide (L-LPS) is the major cell surface 
antigen that confers immunity to Leptospira and is involved in host–pathogen 
interactions. In recognition of the bacterial LPS by host animals and humans, pattern 
recognition receptors such as toll-like receptors (TLRs) play a critical role in innate 
immune system, initiating an inflammation that triggers recruitment of leukocytes to 
combat with the bacteria. In the Leptospira infection, L-LPS is known to be 
recognized by TLR2 on human monocytes, and TLR2 and TLR4 on murine 
monocytes, which can cause species-specific immune responses. Sensitive and precise 
recognition of L-LPS through the TLRs ought to allow the host pigs to establish the 
effective innate immune for protection against pathogens as well. However, it remains 
unclear that how the pig TLRs are involved in recognition of L-LPS. Here, we 
stimulated pig fibroblasts (PEFs_NCC1 and PEFs_SV40 cell lines) by L-LPS which 




expression levels of two TLRs (TLR2 and TLR4), and pro-inflammatory cytokines. 
Escherichia coli LPS (E-LPS) treatment was a positive control.  
In this study, the expression of TLR2 in both two cell lines was found to be 
significantly up-regulated within 24 h after L-LPS stimulation in mRNA level (Figure 
4), and the increased protein expression of TLR2 was also confirmed by western 
blotting (Figure 6), whereas induction of TLR4 expression was relatively weak in 
PEFs_NCC1 cell line (Figure 5), especially for PEFs_SV40 cell line, which lack of 
TLR4 expression (not shown). We also revealed that interleukin 6 (IL-6) and IL-8 
gene expressions were significantly up-regulated by L-LPS stimulation (Figure 7 and 
8). These suggest that the immune response of pig cells could be initiated just by 
TLR2 even without TLR4. In this view, TLR2 plays a major role to activate the the 
immune system in pig cells.  
Based on this study, we found that PEFs_SV40 cell line is a specific cell line, 
which can strongly and rapid react against L-LPS stimulation and do not express 
TLR4 mRNA and. This cell line gives us a good model for our further research on 
whether L-LPS can directly affect TLR2 activation in PEFs_SV40 cells, so the 
anti-L-LPS antibody was prepared. We incubated the cells with only L-LPS or with 
L-LPS and antibody raised against L-LPS. L-LPS (10 μg/mL) stimulation was 
significantly increase expression level of TLR2 mRNA up to 7 folds of unstimulated 
cells during 6 h incubation (Figure 9). When the cells were incubated with L-LPS and 
the anti-L-LPS antibody, the enhancement of TLR2 mRNA was completely inhibited 
by anti-L-LPS antibody, there was no significant expression of TLR2 mRNA 
compared with unstimulated cells (Figure 9). While replacement anti-L-LPS antibody 
by preimmune (PIS) serum, there was no effect on TLR2 mRNA expression induced 
by L-LPS (Figure 9).  
In conclusion, the present results showed that TLR2 is the predominate receptor 
in immune response of leptospiral LPS stimulation on pig cells. The PEFs_SV40 cell 
line gives us a good cell model, to certificate whether the bacterial pathogenic 





Chapter 4  Conclusion 
Base on the upper researches, we analyzed two major part of Leptospira 
pathogenesis: the pathogenic factor of the leptospiral motility and the host cells 
response to the LPS from pathogenic Leptospira. The results are shown as following
(Figure 10): 
1. Comparing with anti-whole cell antiserum, low titer of anti-LPS antiserum cannot 
efficiently inhibit the motility of leptospiral cells. It implies other components 
except LPS may play an important role in the inhibition effect of leptospial 
motility. 
2. On the research of TLRs function in pig innate immune response during 
Leptospira infection, we elicit that TLR2 is the major receptor in the L-LPS 
induced pig immune response and causing cytokines production.  
3. We also found the protective function of antibody against L-LPS, which is capable 
to blocking the interaction between LPS and TLR2 in pig cells. 
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periplasmic flagellum  outer membrane 
Figure 1. Transmission electron micrograph of Leptospira biflexa 
serovar Patoc strain Patoc I (magnification ca. 3000).   
Table 1. The swimming and rotating fraction of L. biflexa in the presence or absence of antiserum 
during 0 min to 120 min. 
Results represent the mean SD from four independent experiments. *P <0.05; *P <0.01 compared with cells treated with normal rabbit serum alone. NS means 
no significant difference between antiserum groups and controls one. 
Addition with 
0 min 10 min 60 min 120 min 
swimming% rotating% swimming% rotating% swimming% rotating% swimming% rotating% 
Anti-whole cell 
antiserum 29.4 6.2
 NS 64.3 5.8 NS 27.2 5.4 NS 70.2 4.9 NS 26.6 1.5** 71.6 1.4* 29.9 5.1 NS 68.0 5.6 NS 
Anti-LPS 
antiserum 29.9 2.4
 NS 64.1 3.6 NS 32.3 6.1 NS 63.6 4.6 NS 33.8 7.1 NS 61.0 5.1 NS 36.3 8.1 NS 60.4 6.5 NS 





































Figure 2. Analysis of the motility of L. biflexa. (A) Sequence of dark-field images of a swimming L. biflexa. 
(B) Sequence of images of a rotating L. biflexa. Swimming trajectories of the swimming cell (C) and the 




Average swimming speed of L. biflexa (μm/s) 
0 min 10 min 60 min 120 min 
Anti-whole cell 
antiserum 14.1 4.3
NS 14.6 4.6 NS 14.0 3.7 NS 14.0 3.9 NS 
Control serum       14.8 4.2         15.5 4.5         15.0 4.4         15.0 4.4 
Table 2. The average swimming speed of L. biflexa in the presence or absence of antiserum during 
0 min to 120 min. 
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Mean value (s) of Gaussian distribution  
0 min 10 min 60 min 120 min 
Anti-whole cell antiserum 13.9 (7.4) 14.2 (9.7) 12.4 (5.8) 13.8 (7.5) 
Control serum 14.5 (6.8) 15.5 (8.5) 15.0 (9.4) 15.1 (9.7) 
Figure 3. Swimming speed histograms of L. biflexa in the presence or absence of antiserum during 0 min to 
120 min (A-D). At least 80 cells were analyzed at each time point and the experiments were independently 
repeated four times. Gray and black bars represent results in the presence and absence of antiserum. Dashed 
lines and solid lines represent results of Gaussian fitting to distributions in the presence and absence of 
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Figure 4. Quantitative measurement of changes in the expression levels of TLR2 mRNAs in pig fibroblasts. 
(A) PEFs_NCC1 cell line was isolated at 24 h after incubation with concentrations of LPS 0, 1, 10 and 50 
μg/mL. (B) PEFs_SV40 cell line was isolated at 3 h after incubation with concentrations of LPS 0, 0.1, 1 
and 10 μg/mL. (C) PEFs_NCC1 was collected at 6, 12 and 24 h after starting incubation in the presence or 
absence of 10 μg/mL LPS. (D) PEFs_SV40 cell line was collected at 3, 12 and 24 h after starting incubation 
in the presence or absence of 0.1 μg/mL LPS. Ratios of the expression level in each experimental condition 
to that in unstimulated cells (at each time point for time-dependent experiments) were calculated, and 
average values obtained from triplicate experiments are shown. Vertical lines indicate standard deviations. 
Statistical analysis was performed between cells stimulated by L-LPS or E-LPS and unstimulated cells. 
Asterisks indicate significant differences (* P < 0.05, ** P < 0.01 and *** P < 0.001). 
Figure 5. Quantitative measurement of changes in the expression levels of TLR4 mRNAs in PEFs_NCC1 
cell line. (A) Cells were isolated at 24 h after incubation with concentrations of LPS 0, 1, 10 and 50 μg/mL. 
(B) Cells were collected at 6, 12 and 24 h after starting incubation in the presence or absence of 10 μg/mL 
LPS. Ratios of the expression level in each experimental condition to that in unstimulated cells (at each time 
point for time-dependent experiments) were calculated, and average values obtained from triplicate 
experiments are shown. Vertical lines indicate standard deviations. Statistical analysis was performed 
between cells stimulated by L-LPS or E-LPS and unstimulated cells. Asterisks indicate significant 
differences (* P < 0.05, ** P < 0.01 and *** P < 0.001). 
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Figure 6.  Effect of L-LPS stimulation on expression of TLR2 protein in pig fibroblasts by western 
blotting analysis. (A) PEFs_NCC1 cell line was stimulated by 10 μg/mL L-LPS for 24 h. (B) PEFs_SV40 
cell line was stimulated by 0.1 μg/mL L-LPS for 3 h and 72 h, respectively. Non-stimulated cells were 
used as a control. Duplicated lanes (A) and triplicated lanes (B) shown in respective experimental 
conditions are results obtained from replicated experiments in which cells were separately prepared. The 
positions of molecular mass markers (kDa) are shown on the left. Anti-α-tubulin polyclonal antibody was 



















Control L-LPS Control L-LPS 
3 h 3 h 72 h 72 h 
(74 kDa) 
(55 kDa) 










































0.1   
1   
10   
100   
1000   































Figure 7. Quantitative measurement of changes in the expression levels of IL-6 mRNAs in pig fibroblasts. 
(A) PEFs_NCC1 cell line was isolated at 24 h after incubation with concentrations of LPS 0, 1, 10 and 50 
μg/mL. (B) PEFs_SV40 cell line was isolated at 3 h after incubation with concentrations of LPS 0, 0.1, 1 
and 10 μg/mL. (C) PEFs_NCC1 was collected at 6, 12 and 24 h after starting incubation in the presence or 
absence of 10 μg/mL LPS. (D) PEFs_SV40 cell line was collected at 3, 12 and 24 h after starting incubation 
in the presence or absence of 0.1 μg/mL LPS. Ratios of the expression level in each experimental condition 
to that in un-stimulated cells (at each time point for time-dependent experiments) were calculated, and 
average values obtained from triplicate experiments are shown. Vertical lines indicate standard deviations. 
Statistical analysis was performed between cells stimulated by L-LPS or E-LPS and unstimulated cells. 








































































Control 10 μg/mL 50 μg/mL 1 μg/mL 
Figure 8. Quantitative measurement of changes in the expression levels of IL-8 mRNAs in pig fibroblasts. 
(A) PEFs_NCC1 cell line was isolated at 24 h after incubation with concentrations of LPS 0, 1, 10 and 50 
μg/mL. (B) PEFs_SV40 cell line was isolated at 3 h after incubation with concentrations of LPS 0, 0.1, 1 
and 10 μg/mL. (C) PEFs_NCC1 was collected at 6, 12 and 24 h after starting incubation in the presence or 
absence of 10 μg/mL LPS. (D) PEFs_SV40 cell line was collected at 3, 12 and 24 h after starting incubation 
in the presence or absence of 0.1 μg/mL LPS. Ratios of the expression level in each experimental condition 
to that in un-stimulated cells (at each time point for time-dependent experiments) were calculated, and 
average values obtained from triplicate experiments are shown. Vertical lines indicate standard deviations. 
Statistical analysis was performed between cells stimulated by L-LPS or E-LPS and unstimulated cells. 
































































































Figure 9. Effects of antibody raised against L-LPS on TLR2 expression. The PEFs_SV40 cells were 
incubated with 10.0 μg/mL L-LPS alone or with L-LPS plus an antiserum raised against L-LPS (anti-L-LPS) 
or with a preimmune serum (PIS) for 6 h. Statistical analysis was performed between cells stimulated by L-
LPS alone or with an antiserum and unstimulated cells. Asterisks indicate significant differences (* P < 0.05, 




Figure 10. The illustration of Leptospira pathogenesis on my research. 
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